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Abstract
We discuss IR limit of four-fermion scattering amplitudes in braneworld models including
intersecting-branes and SUSY SU(5) GUT version of it. With certain compactification where in-
stanton effect is negligible, grand unification condition in D6-D6 intersecting-branes scenario subject
to experimental constraint on proton decay provides possibility for upper limit on the string scale,
MS , through relationship between the string coupling, gs, and the string scale. We discuss how IR
divergence is related to number of twisted fields we have to introduce into intersection region and
how it can change IR behaviour of tree-level amplitudes in various intersecting-branes models. Using
number of twisted fields, we identify some intersecting-branes models whose tree-level amplitudes are
purely stringy in nature and automatically proportional to gs/M
2
S at low energy. They are conse-
quently suppressed by the string scale. For comparison, we also derive limit on the lower bound of the
string scale from experimental constraint on proton decay induced from purely stringy contribution
in the coincident-branes model, the limit is about 105 TeV.
∗ piyabut@physics.wisc.edu
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I. INTRODUCTION
Proton decay has been an important issue which provides stringent test to various GUT
models. Conventional SU(5) GUT, even being the simplest model, was ruled out by severe
experimental limit on proton lifetime as well as its original SUSY version[1, 2](SGUT). This
is due to the dimension 5 proton decay in the SU(5) SGUT model. However, in models with
extra dimensions, there are new ways to prevent proton decay e.g. by assuming nontrivial
boundary condition on extra-dimensional components of fields[3, 4]. Proton decay through
dangerous dimension 5 operator could also be suppressed by the use of appropriate discrete
symmetries[5]. The leading contribution of proton decay is then of dimension 6 contact form
being suppressed by the square of the mass scale. With these developments, SGUT SU(5) can
be modified to survive experimental limit on proton lifetime.
For SGUT SU(5) in intersecting-branes models, symmetry is more naturally broken by
discrete Wilson lines[6]. This is different from symmetry breaking mechanism in conventional
4-dimensional GUT. We achieve gauge couplings unification by extra dimensional unification
and it does not correspond, in general, to 4 dimensional GUT. Threshold corrections in RGE in
extra dimensional models contains extra contribution from massive Kaluza-Klein states. This
brings in dependence on geometrical factors, L(Q), as well as volume of compactified manifold,
VQ. They play the role of MGUT in the running of gauge couplings[7]. In this sense, MGUT
does not have any meaning in extra-dimensional unification but a parameter to keep track of
unification expressed in 4 dimensional GUT language.
In this paper, we will first discuss results from ref. [8] on tree-level amplitudes in SUSY
SU(5) intersecting-branes model and the possibility of getting limit on the upper bound of the
string scale in this D6-D6 model and proceed to discuss generic properties of quantum part
of amplitudes in braneworld scenario in relation to number of twisted fields we introduce into
the models. Then we consider IR-correction to quantum part of amplitudes from classical-
solutions contribution of the path integral, i.e. instanton contribution. Quantum and classical
contributions are discussed separately in order to emphasize unique characteristics of each one
of them. Phenomenology of braneworld scenario involves combination of effects from both local
quantum behaviour and global classical contributions determined by compactification. In this
way we can discuss some possibilities that give purely stringy low energy amplitudes which do
not have field theory correspondence. One example of such processes could be proton decay
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as discussed in ref. [8]. Finally for comparison to ”top-down” approach, we calculate proton
decay in ”bottom-up” coincident branes model using certain choices of Chan-Paton factors to
kinematically suppress the amplitude[9]. Estimated limit on lower bound of the string scale in
this case is remarkably high.
II. IR-AMPLITUDES IN INTERSECTING-BRANES MODELS
Generically, branes with any dimensionalities can intersect or be coincident. There are a
number of semi-realistic models of intersecting-branes with equal dimensionality[10] and there-
fore we will focus more on this case. For completeness, we will also comment on IR behaviour
of intersecting-branes with different dimensionalities such as D3-D7 configuration. Finally we
show that in certain situations, IR limit of string amplitudes in intersecting-branes scenario
can be purely stringy with no standard model correspondence and they are automatically sup-
pressed by the string scale.
A. Intersecting-branes with Equal Dimensionality and Proton Decay
As in ref.[8], we will consider dimension-6 channel of proton decay assuming dimension-5
channel is suppressed by some means such as discrete symmetries[5]. In intersecting-branes
model with particular SU(5)-group structure, leading contribution to proton decay is purely
stringy [8]. This is a dimension-6 operator proportional to string coupling gs and α
′ = 1/M2S.
The formula for quantum amplitude of processes such as p→ π0e+L from ref. [8] is
A(1, 2, 3, 4) = iπ
gs
M2S
I(θ1, θ2, θ3)u¯1γ
µu2u¯3γµu4T1234 (1)
where
I(θ1, θ2, θ3) =
∫ 1
0
dx
x1+α′s(1− x)1+α′t
3∏
i=1
√
sin πθi
[F (θi, 1− θi; 1; x)F (θi, 1− θi; 1; 1− x)]1/2 , (2)
θi are SU(3) parameters relating 3 complex coordinates representing transverse directions to
1 + 3 dimensional intersection region and T1234 is corresponding Chan-Paton factor in SU(5).
F (x) ≡ F (θ, 1−θ; 1, x) is hypergeometric function. Dependence on F (x) comes from correlation
function of four bosonic twisted fields
< σ+(0)σ−(x)σ+(1)σ−(∞) > ∼
√
sin πθ
[x(1− x)]−2∆σ
[F (x)F (1− x)]1/2 (3)
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with ∆σ = θ(1− θ)/2. As x→ 0,
F (x)→ 1, F (1− x)→ 1
π
sin πθ ln(
δ
x
) (4)
where δ is some function of θ given in ref.[16]. This asymptotic behaviour determines conver-
gency of x-integration in the s-channel limit.
In this setup, there is relationship between string parameters (gs,MS, L(Q)) and field theory
GUT parameters (αGUT ,MGUT ) as in Eq. (50) of [8],
gs =
αGUTL(Q)M
3
S
(2π)3M3GUT
(5)
where L(Q) = 4q sin2(5πw/q), Ray-Singer torsion, contains information on geometry of the
compactified 3-manifold Q = S3/Zq[7, 8]. This relationship relates gs to MS through numerical
values of 4 dimensional αGUT ,MGUT . Substitute this into Eq. (1), we have
Astring = i
αGUTMS
2(2π)2M3GUT
(L(Q)IT1234)u¯1γ
µu2u¯3γ
µu4 (6)
I(s, t → 0) is in [7, 11.5] range, L(Q) ranges from less than 1 to about order of 10. With
minimal choice that produces standard model gauges, L(Q) = 8[8]. Using numerical values of
4-dimensional SU(5) SGUT(i.e. unification condition), αGUT ≃ 0.04,MGUT ≃ 2 × 1016 GeV
leading to proton lifetime τGUT ≃ 1.6×1036 years[2], and experimental limit on proton lifetime,
τ > 4.4× 1033 years[11], we have inequality
τstring
τGUT
=
∣∣∣∣∣ AGUTAstring
∣∣∣∣∣
2
>
(
4.4
1.6
)
× 10−3 (7)
leading to
MS < 118MGUT ≃ 2.4× 1018 GeV (8)
where we have approximated I ≃ 10.
There is also constraint from perturbative condition, gs < 1, using again Eq. (5) with
same set of numerical values, we have MS < 9.2MGUT ≃ 1.8 × 1017 GeV. Grand unification
and perturbative conditions together put limit on upper bound of string scale above which
perturbative viewpoint breaks down. Any SGUT(with D6-D6 configuration) string theories
with larger MS would have to interact strongly and we need to consider proton decay in dual
pictures. The value of the upper bound of string scale, (8), is outside the perturbative constraint
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and therefore it is unfortunately inconclusive. However, it is interesting that this upper limit
on string scale does exist only in this D6-D6 model, if we have sufficiently more severe bound
on proton decay in the future experiments, it would lead inevitably to limit on the upper bound
of the string scale.
An important aspect of this low-energy amplitude is the fact that it does not contain any
1/s(Mandelstam’s variable) pole like in conventional field theory amplitudes. Rather it is
proportional to gs/M
2
S, we interpret this as a purely stringy effect which appears as contact
interaction in field theory. The advantage is it can suppress proton decay amplitude to be of
the order of the string scale and therefore smallness is explained without the need of massive
bosons exchange of the order of SGUT scale. Remarkably, experimental limit on proton lifetime
results in limit on UPPER bound of string scale in contrast to conventional SGUT cases where
limit on lower bound of X, Y bosons is derived. Grand unification requirement in SGUT SU(5)
D6-D6 model relates string coupling to string scale and as a consequence, put limit on upper
bound of the string scale.
This result can be understood to be originated from difference between ”top-down” and
”bottom-up” approaches to string theory. In top-down approach, we start with string pa-
rameters (gs,MS) and geometrical details of compactification and we try to derive low energy
parameters such as gYM , g1, g2, g3, Yukawa coupling, mixing angles and so on. With unification
assumption, gs is tied toMS and geometrical factors and not a free parameter in the model. Ex-
perimental constraint from proton decay then results in upper bound on MS. On the contrary,
focussing mainly on kinematic extension of field-theory amplitudes to contain string resonances
effect, bottom-up[9, 12, 13, 14, 15] approach simply fixes gs = g
2
YM . Without assuming unifica-
tion, there is no particular relationship between gs and MS. This, in a traditional way, finally
provides lower bound on the string scale when subject to experimental constraints[13, 15].
On the other hand, there seems to be disadvantage considering the need to have 1/s IR-
divergence in order to reproduce field theory results at low energy[15]. We need the cor-
rect IR limit of string amplitudes which contain the 0th mode pole as gauge boson exchange.
Intersecting-branes amplitudes actually provide 1/s pole in IR limit when we consider only
one complex coordinate and one twisted field contribution together with classical contribution
from two branes wrapping the same torus T 2[16, 17]. Difference from the present case is due to
differing number of twisted fields in the quantum part of the amplitude and the classical con-
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tribution of string winding modes which we will see later. There are 3 sets of twisted-field(from
3 complex coordinates) correlation function, Eq. (3), in the D6-D6 intersecting-branes model
we are considering and they provide kinematic IR-regularisation to the amplitude[8]. We can
find critical number of twisted-field correlation functions above which IR divergence will be
regularised by considering low energy expression for kinematic part of quantum amplitude
containing ℓ twisted fields
∫ a
0
dx
x
(− ln x)−ℓ/2 = 2− ℓ
2
(− ln x)1−ℓ/2|a0 for ℓ 6= 2 (9)
= −∞ for ℓ = 2 (10)
where a ǫ (0, 1) is some small number, ℓ is number of correlation functions of twisted fields. This
is the same as Eq. (22) in [8] when generalised to ℓ twisted fields. The integration converges
when ℓ ≥ 3 and therefore critical number of twisted fields is 3. At least 3 twisted fields are
required to regulate IR behaviour and this implies that we need to twist boundary condition
of string in 3 complex coordinates of the model. This is the case with D6-D6 setup.
Using analytic continuation from negative s to s ≥ 0 like in usual Veneziano amplitude, we
get some information on how the poles look like at s = 0 and consequently at s = nM2S.
∫ a
0
dx
(− ln x)−ℓ/2
xα′s+1
=
∫
∞
− lna
du u−ℓ/2eα
′su (11)
=
Γ(1− ℓ
2
,−s ln a)
s1−ℓ/2
(α′)ℓ/2−1 (12)
where incomplete Gamma function Γ(x, y) ≡ ∫∞y e−uux−1dx. Notably for ℓ = 2, it gives ∼ (ln s)
pole as s → 0. At ℓ = 0, we have normal gauge boson exchange 1/s pole. For ℓ > 0, twisted
fields modify pole by power of ℓ/2. At ℓ ≥ 3, amplitude is regulated. Behaviour of all other
poles at s = nM2S for each value of ℓ are given by analytic continuation from pole at s = 0 we
have here.
In Dp-Dp intersecting-branes(3 < p < 6) with 1+3 dimensional intersection region, we
need to change boundary condition of interbrane-attached string in p− 3 complex dimensions.
Therefore we need to introduce p− 3 twisted fields into each vertex operator(NS sector). Since
the number of twisted fields is always less than 3, the amplitudes have IR divergences(not
necessarily corresponding to gauge boson exchange) given by Eq. (12). In D5-D5, since ℓ = 5−
3 = 2, quantum amplitude gives (ln s) divergence. In D4-D4, ℓ = 1 and we thus have fractional
pole 1/s1/2. In these models, we do not have purely stringy amplitudes, gs/M
2
S, as leading
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order as in D6-D6 case. However, from Eq. (12), there are string resonance terms analytically
continued from s = 0 region. At low energy, these terms gsα
′ℓ/2/(s − nM2S)1−ℓ/2 ≃ gs/nM2S .
Therefore there could be gs/M
2
S contact term in the amplitude regardless of the number of
twisted fields 3 > ℓ > 0.
Another curious aspect of amplitudes in SGUT intersecting-branes models is the factor α
−1/3
GUT
enhancement comparing to 4 dimensional GUT amplitudes[8]. We will see that this is the effect
from compactification and it depends on how we achieve 1+3 world from 10 dimensional space.
Consider the parameters relation, Eq. (5) could be generalized to Dp-Dp case,
gs ∼ αGUT
(
Mp−3S
Mp−3GUT
)
(13)
ignoring geometry factor. This leads to
gs
M2S
∼ g1+2/(3−p)s

α2/(p−3)GUT
M2GUT

 (14)
which has enhancement factor α
(5−p)/(p−3)
GUT comparing to 4 dimensional GUT amplitude ∼
αGUT/M
2
GUT . Interestingly, this factor disappears at p = 5 along with dependence of amplitude
on gs. Since low energy limit of purely stringy part of tree-level amplitudes always appear as
gs/M
2
s contact interaction form, we can conclude that stringy effect always appears with this
enhancement(or dehancement) factor α
(5−p)/(p−3)
GUT . We can interpret the factor as a result from
certain choice of compactification which gives our 1+3 dimensional matter universe. Projected
onto 4 dimensional field theory, fractional power of coupling αGUT could as well be interpreted
as ”non-perturbative” characteristic of the amplitudes. Observe also that coincident-branes
limit p = 3 gives conventional ”bottom-up” gs ∼ αGUT identification and relationship between
gs and MS remarkably disappears. There is consistency between top-down and bottom-up
approaches.
B. Intersecting-branes with Different Dimensionalities
We can obtain 1+ 3 intersection region from other combinations of intersecting-branes with
differing dimensionalities. An example of D3-D7 system has been calculated [18] and there is
IR pole in the amplitude coming from instanton contributions cancelling effect of twisted fields
as we will see later in section C. Here we will focus only on quantum part of the amplitude and
according to previous argument, we will show that IR behaviour is finite.
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Using again correlation function of four bosonic twisted fields, Eq. (3), we reach at the same
Eq. (10) as a check for IR behaviour of the amplitude. Since there are ℓ = 4 twisted fields in a
vertex operator in order to change four boundary conditions of D7 to D3 which is larger than
critical number of twisted fields (namely 3), therefore quantum part of four-fermion amplitude
is finite and thus proportional to gs/M
2
S in low energy limit(from Eq. (12)).
C. Classical Contributions to String Amplitudes
In path integral calculation of string scattering amplitude, the action is divided into quantum
and classical contributions and they are factorized from one another. Physically, quantum part
depends only on local behaviour of quantum theory while classical part contains information of
global geometry which constrains classical solutions of the system. While classical contribution
of path integral of field on sphere is constant and can be absorbed into string coupling(since
there is no winding modes), classical contribution of field on nontrivial compactified manifold
like torus contains various topological contributions from winding states. We need these in-
formation to be manifest in order to extract correct low energy behaviour of string scattering
amplitude.
The simplest nontrivial case in which classical contribution has been calculated is T 2 torus
with two branes wrapping specified by wrapping numbers (n1, m1) and (n2, m2)[16, 17]. Fol-
lowing ref.[17], the classical contribution of the path integral is
∑
r1,r2
exp−sin(πθ)
2πα′
[
F (1− x)
F (x)
(r1L1)
2 +
F (x)
F (1− x)(r2L2)
2
]
(15)
In the x→ 0 limit(s-channel limit), the exponential contribution from L1 lattice is zero except
the zero mode, r1 = 0 while the contribution from L2 lattice becomes constant for each r2. With
respect to one r2 winding state, the contribution is just constant and low energy behaviour is
thus governed totally by quantum part of the amplitude. This would be the case if the winding
states summation
∑
r2 is somehow truncated at finite terms.
However, we can use Poisson resummation to make some low energy behaviour manifest
which can be seen explicitly in the Poisson resummation formula.
∑
n
exp(−πan2) =
√
1
a
∑
m
exp(−π
a
m2) (16)
The pole at a = 0 arises on the left-handed side as an infinite sum of various instantons but not
being manifest in each term. The right-handed side manifests this pole as the volume factor
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in the upfront. This pole becomes visible at low energy in this new ”vacuum” choice after the
Poisson resummation. This resummation leads to
∑
r1,m2
√√√√ 2π2α′F (1− x)
L22 sin(πθ)F (x)
exp−F (1− x)
F (x)
[
sin(πθ)
2πα′
(r1L1)
2 +
2π3α′
sin(πθ)
(
m2
L2
)2
]
(17)
for classical partition function. The exponential of F (1 − x)/F (x) reduces to power of x as
x→ 0.
exp−F (1− x)
F (x)
[...] ∼
(
δ
x
)
−[...] sin(πθ)/π
(18)
This power of 1/x shift the 1/s pole as we can see from
[...]
sin(πθ)
π
= r21
(
M2S
M21
)
+ α′(m2M2)
2 (19)
where M21 = 2π
2/L21 sin
2(πθ),M22 = 2π
2/L22 are corresponding KK masses. With respect to
L2, the resonances appear at s = (m2M2)
2. With respect to L1, the resonances appear at
s = r21M
4
S/M
2
1 . These are the usual KK and winding corrections which are not unexpected.
We can see that in the instanton-decoupled limit MS ≫ Mc(Mc = 1/L1 or 1/L2), the r1 6= 0
contribution is very suppressed since the poles are at very high energies while the contribution
from M2 resonances are at low energies and thus non-negligible. We can see that even each
r2 winding state contribution is suppressed, the infinite sum of their contributions become
significant at low energies. This is made manifest by Poisson resummation.
Next we turn to the factor
√
F (1− x)/F (x) in front of the exponential in Eq. (17), this
is the leading order contribution to x-integration of the amplitude and consequently the part
that modifies effect of twisted fields to low energy physics. Using approximation in Eq. (4),
the factor gives (− ln(x))1/2 as x → 0. This will modify the power of − ln(x) in Eq. (11) to
(− ln(x))(1−ℓ)/2. In other words, when there is one T 2, we replace ℓ by ℓ− 1, when there is two
tori, T 2 × T 2, we replace by ℓ− 2 and so on. We see that this piece results in fractional power
of 1/s, exotic kinematic effect which does not exist in field theory or KK models. In D6-D6
model, we can assume two branes wrapping compactified space T 2 × T 2 × T 2[17]. In this case,
effects of twisted fields are completely compensated by these factors from classical contribution
and we thus recover 1/s pole at low energy. Therefore, around the resonances, since x ≃ 0
is dominant in the x-integration, the Veneziano form of the amplitude is naturally recovered
in this choice of compactification. Note that this is not necessary and there are possibilities
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for exotic IR behaviour, i.e. gs/M
2
S contact form or fractional power of 1/s(Eq. (12)), of total
amplitudes in other choices of compactification.
The rule is if we have two intersecting branes wrapping same n T 2 tori, we replace ℓ by
ℓ − n in Eq. (12) to get leading order behaviour of 1/s pole. Complete cancellation occurs
when ℓ = n and we always retrieve 1/s gauge boson exchange contribution. In cases where
ℓ−n > 2, we have IR finite amplitude and it is suppressed automatically by the string scale MS
and effectively decouple at low energy. In model construction, instead of arbitrary intersection
and compactification choices(modulo previously known conditions such as SUSY preservation or
GUT which are a matter of preferences), we also have to consider this kinematic aspect of string
amplitudes. For low energy phenomenology purpose, since we do not observe exotic fractional
powers of 1/s, therefore they should be eliminated by appropriate choices of compactification
corresponding to number of twisted fields we have when we setup branes intersection. At higher
energy, there is no reasons(so far) to prevent these terms, they are part of stringy effects unique
in intersecting-branes models.
Note also that after Poisson resummation, since the 1/s pole is recovered together with the
factor of M2/MS for each T
2( from Eq. (17)), the argument on the limit of the upper bound
on the string scale from proton decay is no longer valid in this choice of compactification.
On the other hand, instead of interpreting low energy physics in terms of field theoretic
resonances(i.e. x → 0, 1 limits corresponding to s, t-channel exchanges), it is pointed out
in ref. [16, 19, 20] that there exists purely stringy contribution(instanton contribution) when
contribution around saddle point of classical action is dominant in the x-integration. However
caution has to be made that this is the case only when quantum part of the amplitude is
regulated(no singularity along x-integration). If there is IR divergence from quantum part, it
means the contribution from pole at x = 0(1) is dominant and saddle-point approximation
ceases to be valid. In the case that the quantum part is regulated, we can conclude from
the previous section that leading order must be of contact form, gs/M
2
S, now multiplying with
exponential suppression from area of the worldsheet instanton. As expected, even in this saddle-
point approximation, the instanton effect is multiplied by gs/M
2
S and thus suppressed by the
string scale.
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III. LIMIT ON LOWER BOUND OF STRING SCALE IN BOTTOM-UP AP-
PROACH FROM PROTON DECAY
In ”bottom-up” coincident-branes model[13, 14, 15], we do not have effect of twisted fields
in the picture, all fermions and gauge fields are identified with open string living on the same
stack of branes with unspecified number of branes. Assuming some unification group which
have leptons and quarks in the same multiplet( in order to induce proton decay), we can
identify each particle with appropriate Chan-Paton matrix. Tree-level amplitude for 4 fermions
is generically[13, 15, 21]
Astring = igs [A(s, t)S(s, t)T1234 + A(t, u)S(t, u)T1324 + A(u, s)S(u, s)T1243] (20)
where A(x, y) is kinematic part of SU(n) amplitude[13, 22],
S(x, y) =
Γ(1− α′x)Γ(1− α′y)
Γ(1− α′x− α′y) , (21)
the usual part of Veneziano amplitude with the 0th pole excluded( put into A(x, y) part explic-
itly). Chan-Paton factors Tijkl = tr(t
itjtktl + reverse)( t’s are Chan-Paton matrices) contains
information of gauge group, mixing and so on of external particles. To be more specific, we
consider uLdR → u¯Re+L process of proton decay like in intersecting-branes case. Proton decay
amplitude is extremely small( if not 0) and therefore we match string amplitude with 0 at low
energy. Following ref. [15]
Astring(fLfR → fRfL) = igs
[
u2
st
T1234S(s, t) +
u
t
T1324S(t, u) +
u
s
T1243S(u, s)
]
(22)
≃ 0 (23)
where s, t, u are conventional Mandelstam variables. At low energy, S(x, y) → 1 and since
s+ t+ u = 0, this leads to constraints on Chan-Paton factors, T1234 = T1324 = T1243 ≡ T . Plug
back into Eq. (22), retrieving the next non-vanishing term from S(x, y) ≃ 1− π2
6
xy
M4
S
,
Astring = −igsT π
2
2
(
u2
M4S
) (24)
Like in intersecting-branes case, we compare with AGUT and use experimental limit on proton
decay while setting T = 1( if T = 0, there is no tree-level stringy proton decay and no limit on
the string scale could be derived),
τstring
τGUT
=
∣∣∣∣∣ AGUTAstring
∣∣∣∣∣
2
= (
4
π4
)
1
u2
(
M4S
M2GUT
)2 >
(
4.4
1.6
)
× 10−3 (25)
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where we have identified gs = 4παGUT . At ECM ≃ 1 GeV, u ≃ 0.5 GeV2, this gives
MS > 8.5× 107 GeV ∼ 105 TeV (26)
a remarkably strong limit on string scale. Observe that this kind of kinematic suppression makes
use of worldsheet duality( i.e. s, t duality of Veneziano amplitude) to eliminate the contact
interaction term gs/M
2
S(dimension-6 operator), leaving only dimension-8 operator, u
2/M4S, as
leading-order stringy correction which results in stringent limit on MS . This limit, however,
ignores the conventional spontaneous symmetry breaking mechanism which suppresses proton
decay by making the X and Y GUT bosons very massive. It actually reflects the limit of proton
decay from ”purely stringy” effect which could exist if T 6= 0 in some specific embedding of the
fermions in some unspecified open-string representation at higher energies.
IV. CONCLUSIONS
First we have discussed the possibility of getting limit on the upper bound of the string scale
in D6-D6 intersecting-branes SU(5) SGUT setup as in ref. [8] from the experimental constraint
on the proton decay. The quantum part of the four-fermion tree-level amplitude in this case
is of the contact form with gs/M
2
S dependence due to the number of twisted-field correlations.
We commented on how different number of twisted-field correlations in different Dp-Dp setup
could lead to different IR behaviour of the quantum part of the amplitude.
Then we discussed appearance of the enhancement( or dehancement) factor α
(5−p)/(p−3)
GUT in
Dp-Dp setup when we compare stringy contact term gs/M
2
S to the αGUT/M
2
GUT factor in 4
dimensional GUT amplitude. This non-integer power of αGUT is natural from the viewpoint
that we ”project” the extra-dimensional unification onto conventional 4 dimensional GUT RGE.
In non-trivial compactification such as T 2, there are classical winding states contribution to
the amplitude. We explicitly demonstrated how Poisson resummation of the instanton contribu-
tions makes the classical instanton contribution to x→ 0 region manifest. In intersecting-branes
scenario, there are contributions from both quantum and classical part to the x → 0 region
in the stringy amplitude, and we need both to obtain the usual gauge boson 1/s pole at low
energies.
Finally we estimated the lower bound on the string scale in ”bottom-up” coincident-branes
approach using constraint on proton decay. The limit is derived solely from purely stringy( of
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another kind of purely stringy effect from the dimension 6 mentioned above) contribution when
appropriate choice of Chan-Paton factors is chosen. Comparing to other constraints on the
string scale in the ”bottom-up” approach [15], this lower bound is remarkably strong, about
105 TeV.
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